Dapiprazole (DPZ) was subjected to different stress conditions prescribed by the International Conference on Harmonization. A stability-indicating high-performance liquid chromatography method was developed for the analysis of the drug in the presence of its degradation products. The degradation was found to occur in hydrolytic, and to some extent, photolytic conditions, however, the drug was stable to oxidative and thermal stress. The drug was particularly labile under neutral and alkaline hydrolytic conditions. The assay was involved an isocratic elution of DPZ in a Kromasil 100C18 column using a mobile phase composition of water ( pH 6.5, 0.05%, w/v, 1-heptane sulfonic acid) and acetonitrile (40:60, v/v). The flow rate was 0.8 mL/min and the detection was conducted at 246 nm. The assay method was found to be linear from 5 to 30 mg/ mL. The method was validated for linearity, range, precision, accuracy, specificity, selectivity, limit of detection and limit of quantitation.
, is a potent a-adrenergic blocking drug, the general pharmacological properties of which have been described in detail (1, 2) . It is a white, crystalline powder. It is freely soluble in ethanol, methanol and water, but partially insoluble in acetonitrile. It melts at approximately 162 8C and is reported to be stable at ambient temperature (3) . It is used in topical eye therapy for the treatment of chronic simple glaucoma, for the induction of pre-operative mitosis and for the reversion of pharmacologically induced mydriasis (4) . DPZ causes the pupil of the eye to constrict. It reverses pupil dilation caused by other drugs that are given during eye examinations. The drug is also endowed with a unique psychopharmacological profile in mice and rats. It inhibits amphetamine toxicity and alcohol and morphine withdrawal syndromes, produces sedation, blocks conditioned avoidance reflexes and reduces the response to noxious stimuli (2) . Human tests have proved the efficacy of DPZ in psychotic conditions, such as the withdrawal syndrome from opiods (5); the orally administrated daily dose varied from 30 to 90 mg.
The parent drug stability test guideline Q1A (R2) was issued by International Conference on Harmonization (ICH) (6) . It suggests that stress studies should be conducted on a drug to establish its inherent stability characteristics, leading to the identification of degradation products, and hence, supporting the suitability of the proposed analytical procedures. It also requires that analytical test procedures for the stability of samples should be stability-indicating and fully validated.
Accordingly, the aims of the present study are to establish the inherent stability of DPZ through stress studies under a variety of ICH recommended test conditions (6) , and to develop a stability-indicating assay (7) . In literature, analytical methods have reported limited stress testing in which a single product was indicated to be formed under alkali conditions. Instead, more intensive stress studies during the current study showed that the drug was decomposed to almost six products under different stress conditions. Accordingly, a stabilityindicating method was developed that could separate various degradation products (8) .
Experimental

Materials
DPZ was a gift sample from MSN Laboratories (Hyderabad, India). Acetonitrile [high-performance liquid chromatography (HPLC) grade] was obtained from Qualigens Fine Chemicals (Mumbai, India). 1-Heptane sulfonic acid was purchased from Sigma-Aldrich (St. Louis, MO). Other chemicals and solvents of analytical grade were used for further studies. Ultra-pure water, obtained from an ELGA water purification unit (Bucks, UK), was used in making solutions throughout the analysis.
Instrumentation
The HPLC system consisted of a Shimadzu LC-20T Prominence liquid chromatograph (Shimadzu, Columbia, MD) equipped with a Prominence DGU-20A5 degasser and a SPD-20A Prominence ultraviolet (UV)-visible detector. Data acquisition was performed by the Millennium 32-bit software operated on a Pentium IV microprocessor. Analysis was conducted at 246 nm with a Kromasil 100C18 reversed-phase column with dimensions of 250 Â 4 mm i.d., 5 mm (VDS Optilab, Chromatographie technik GmbH, Germany) at ambient temperature. Precision water baths equipped with MV controllers (Julabo, Seelbach, Germany) were used for hydrolytic studies. Photostability studies were conducted under sunlight and stability studies were conducted in a humidity chamber (KBF 760; WTB, Binder, Tuttlingen, Germany). Thermal stability studies were performed in a dry air oven (Smart Lab Tech., Hyderabad, India).
Degradation studies
All stress decomposition studies were performed at an initial drug concentration of 0.5 mg/mL in water containing 25% acetonitrile. The study in alkaline condition was conducted in 0.2M NaOH at 708C for 9 h. Acid hydrolysis was performed in 0.1 and 1M HCl at 708C for 9 h. These experiments were repeated at a lower temperature of 408C, keeping all other conditions constant. To study the neutral condition, the drug was dissolved in water and heated at 708C for 9 h. Photodegradation studies were performed in water and in 1M HCl. The solutions were exposed to sunlight during the day for three days. Oxidative studies were conducted at room temperature in 5 and 20% H 2 O 2 for 24 h. Additionally, the drug powder was exposed to dry heat at 608C for 40 days and at 508C for eight days. One milliliter of each of these solutions was transferred into a 10 mL volumetric flask and the volume completed with mobile phase. The final solution was injected for analysis.
Analytical method validation
The method was validated for precision, linearity, specificity, selectivity, accuracy, limit of detection (LOD) and limit of quantitation (LOQ) according to the United States Pharmacopeia (10) and ICH guidelines (ICH Q2 R1) (6).
Linearity and range
A stock solution of DPZ was prepared at strength of 0.5 mg/ mL. It was diluted to prepare solutions containing 5 -30 mg/mL of the drug. The solutions were injected in triplicate into the HPLC column, keeping the injection volume constant (20 mL).
Precision
Six injections of three different concentrations were made on the same day and the percentage values of relative standard deviation (RSD) were calculated to determine the intra-day precision. These studies were also repeated on different days to determine the inter-day precision. The intermediate precision was established through a study on different chromatographic systems using different columns.
Accuracy
The accuracy of an analytical procedure is the closeness of agreement between the values that are accepted either as conventionally true values or accepted reference values. The accuracy was evaluated by fortifying a mixture of degraded solutions with six known concentrations of the drug. The recovery of the added drug was determined.
Specificity and selectivity
The specificity of the method was established through a study of the resolution factors of the drug peak from the nearest resolving peak and among all other peaks.
LOD and LOQ
The LOD is defined as the lowest concentration of an analyte that an analytical process can reliably differentiate from background levels. The LOQ is defined as the lowest concentration of the standard curve that can be measured with acceptable accuracy, precision and variability (9) . The LOD and LOQ were calculated as LOD ¼ 3.3 s/S and LOQ ¼ 10 s/S, where s is the standard deviation (SD) of the lowest standard concentration and S is the slope of the standard curve.
Results and Discussion
Degradation behavior HPLC studies on DPZ under different stress conditions suggested the following degradation behavior. Acidic, basic and neutral studies were conducted in an RB flask with a condenser on a temperature-programmable electromagnetic stirrer, and a UV-light chamber was used for the photolytic studies.
Acidic condition
The drug gradually decreased with time on heating at 708C in 1M HCl. The degradation products were observed at retention times (RTs) of 1.82 and 7.06 min. The rate of hydrolysis in acid was slower than that of alkali or water.
Degradation in alkali
The drug was found to be highly labile to alkaline hydrolysis. The reaction in 0.2M NaOH at 708C was so fast that the whole drug was degraded in 5 min. Subsequently, studies were performed in 0.02M NaOH at 408C. Drug degradation was associated with the rise of a major degradation product at RT of 8.79 min. Complete degradation of the drug was observed in 5 h. Minor degradation products at RTs of 1.82 and 3.15 min emerged after 5 h.
Neutral or water condition
Upon heating the drug solution in water at 708C for 1 h, a steep fall in the drug peak area was observed. At the end of 1 h, almost complete degradation of the drug was observed with a corresponding rise in the major degradation peak at 14.21 min.
Oxidative conditions
The drug was stable to hydrogen peroxide (5 and 20%) at room temperature.
Photolytic conditions
No major degradation product was observed after exposure of the drug solution in 1M HCl to sunlight for three days, and only minor degradation products were observed at RTs of 3.15, 7.06 and 21.06 min. The nature of degradation in light and dark was found to be similar, indicating that light had no effect on the degradation of the drug in acid. On the other hand, the samples in water degraded under sunlight for three days to a major product at RT of 14.21 min, along with minor degradation products. The corresponding rate of degradation in the dark was much slower.
Solid-state study
The solid-state studies showed that DPZ was stable to the effect of temperature. When the drug powder was exposed to dry heat at 608C for 40 days and at 508C for eight days, no decomposition of the drug was observed.
Stability-indicating method development and optimization DPZ is hydrophobic and almost insoluble in aqueous solutions, whereas it is freely soluble in organic solvents like methanol and acetonitrile. During the development phase, the use of acetonitrile and water as the mobile phases resulted in asymmetric peaks with a greater tailing factor (.2). Ion-pair chromatography is a good approach to minimize this effect, and the successful use of 1-heptane sulfonic acid as an ion-pair reagent for the separation of bio-chemicals and pharmaceuticals has previously been described (8) . The addition of 1-heptane sulfonic acid to the mobile phase resulted in a drastic reduction in peak tailing. At the reported concentration (0.05%, w/v), the tailing factor was within the acceptable limit, resulting in good peak symmetry and resolution. Where the flow rate was increased from 0.5 to 0.8 mL/min, a flow rate of 0.5 mL/min resulted in a drug retention time beyond 50 min, which was more time consuming. Hence, the mobile phase was optimized at 0.8 mL/min with the retention time of the drug at approximately 30 min. Also, the low flow rate and shorter run time consumed comparatively fewer mobile phase solvents, which will prove to be cost-effective during the routine analysis of drug samples. The peak shape and symmetry were found to be good when a mobile phase composition of 40:60 (v/v) water ( pH 6.5, 0.05%, w/v 1-heptane sulfonic acid) and acetonitrile was used, which also resulted in better resolution of the drug. The resulting chromatogram is shown in Figure 2 . This indicates that the isocratic method successfully separated drug and all degradation products. The proposed chromatogram and the method were sufficiently specific to the drug. The resolution factor for the drug peak was .3 from the nearest resolving peak. Intermediate precision was performed to confirm that the separation was satisfactory under external conditions. Good separations were always achieved, indicating that the method remained selective for all components under the tested conditions.
Validation of stability-indicating method
In the current study, an HPLC method was used to determine the percentage of the drug release. HPLC was used to separate, identify and determine the concentration of a specific component in a mixture; moreover this method was very fast, reproducible and easy to operate (11) . The developed method was validated to meet the requirements for a global regulatory filing. The validation parameters such as precision, linearity, specificity, accuracy, LOD and LOQ were conducted in accordance with ICH and U.S. Pharmacopoeia guidelines.
Linearity
The linearity of DPZ was evaluated from the range of 5.0 to 30.0 mg/mL and showed a good correlation coefficient (r 2 ) ¼ 0.9997. The standard curve of DPZ was constructed by plotting concentration (mg/mL) versus area response (AU) which is shown in Figure 3 . The linearity regression and slope were calculated, and these results are shown in Tables I-III.
Precision
The precision of an analytical procedure express the closeness of the agreement between a series of measurements obtained from multiple samples of the same homogeneous sample under the prescribed conditions. Repeatability is a measure of the precision under the same operating conditions over a short interval of time; it is also known as intra-assay precision. A minimum of six determinations at 100% of the standard Figure 2 . Chromatograms showing the separation of different degradation products of DPZ contained in a mixture of reaction solutions. Peaks: I, photolytic product in acid; II, hydrolytic degradation product in alkali and photolytic product in acid; III, photolytic product in water; IV, product formed in all types of hydrolytic and photolytic conditions; V, product formed in all types of hydrolytic and photolytic conditions; VI, product formed in water under dark and photolytic conditions. concentration were tested to determine the average, SD and RSD, and all calculated parameters were within the prescribed limit. Intra-day precision and intermediate precision were studied to ensure the robustness of the method. The RSDs of both tests were within the desirable limit of 2.0%, which clearly indicates that the developed method is robust. Intra-day and intermediate precision results are shown in Table IV .
Accuracy
Accuracy is usually reported as the percent recovery of an assay by using the proposed analytical procedure of adding a known amount of the analyte to the sample. The ICH also recommends assessing a minimum of three determinations over a minimum of three concentration levels covering the specified range. The common method to determine accuracy is to apply the analytical procedure to the drug substance and to quantitate it against the reference standard of known purity. The range for the accuracy limit should be within the linear range. Typical accuracy of the recovery of the drug substance in the mixture is expected to be approximately 99 -102%. Values of accuracy of the recovery data beyond this range were to be investigated. The precision concentration was 7 mg/mL; hence, the linearity range was selected from 5 to 10 mg/mL.
The known concentrations of 20, 40, 60, 80 and 100% were added to the standard preparation (5 mg/mL). The obtained percentage recoveries were considered to be under the range, as per ICH guidelines (Table V) .
LOD and LOQ
The LOD and LOQ for DPZ were determined based on the SD of the response (y-intercept) and the slope of the calibration curve at low concentration levels, according to ICH guidelines. The LOD and LOQ for DPZ were found to be 0.81 and 2.43 mg/mL (RSD: 0.7%), respectively. The tailing factor and number of theoretical plates (N) were calculated for 5.0 mg/mL of DPZ, i.e., 0.72 and 15,572, respectively.
Recovery Studies
The percentage recovery was calculated from the differences between the peak areas obtained for fortified and unfortified solutions. As shown by the data in Table V , excellent recoveries were made at each added concentration.
System Suitability System suitability is an important parameter to ensure whether the method is valid. The limit of theoretical plates and tailing factor were fixed as not less than 6,000 and not more than 2, respectively. In all chromatograms, the number of theoretical plates was above 6,000 and the tailing factor was ,2. These results indicated that the developed method is valid and can be used for routine lab analysis.
Conclusions
The study shows that DPZ is a labile molecule in water and alkali and shows lability in water under light conditions. It is stable to oxidation and dry heat. A stability-indicating method was developed that separates all of the degradation products formed under a variety of conditions. The method has been proven to be simple, accurate, precise, specific and selective. Hence, it is recommended for the industry for the analysis of the drug and its degradation products in stability samples.
